Background Dissociation between a prosthetic cup and femoral head is a rare complication of bipolar hemiarthroplasty that usually occurs during closed reduction of a dislocated bipolar cup. The dissociation usually results in reoperation because closed reduction is challenging. To our knowledge, no study has reported on the frequency of bipolar cup-femoral head dissociation, and risk factors for dissociation are unknown. Questions/purposes The purposes of this study were (1) to evaluate the frequency of dissociation of prosthetic femoral heads from bipolar cups during manual reduction of a dislocated bipolar hemiarthroplasty; and (2) to explore in a preliminary fashion any prosthesis or patient factors that may be associated with dissociation. Methods From
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Introduction
Bipolar hemiarthroplasty is commonly used in the treatment of hip fractures [7, 9, 10, 14] . To obtain two articulating surfaces, the bipolar cup has an articulation for the femoral head within an articulation for acetabulum [1, 2, 5, 13, 14] . Because of this, there is a risk of dissociation of the femoral head from the bipolar cup [8, 12, 15, 16] . Although bipolar cup dissociation is rare, it cannot be treated with closed reduction and so typically results in open surgery [3, 8, 12, 15, 16, 18] . Dissociation of the bipolar cup may occur late or early postoperatively. Late dissociations are caused by eccentric wear of the polyethylene liner and sometimes fracture of the locking ring, which allows for the femoral head to impinge and function as a lever to dissociate the head from the liner [4] . However, sometimes the locking ring can fracture in the absence of polyethylene wear, and that same "bottle-opener effect" can cause early dissociation of the bipolar cup during attempts at closed reduction of a dislocated bipolar hemiarthroplasty [8, 15] . During the closed reduction, the posterior acetabular rim can act as a fulcrum to pivot the bipolar cup and separate it from the femoral head.
Various mechanisms are currently used for locking the bipolar cup and the femoral head component. The locking mechanism can be categorized into two types according to the number of locking mechanisms. One is a single locking mechanism of the polyethylene ring ( Fig. 1) and the other is a dual locking mechanism of the outer metal ring lock and the inner polyethylene ring lock (Fig. 2) . Although some case reports have demonstrated dissociation of the bipolar cup during closed reduction of dislocated bipolar hemiarthroplasty [3, 12, 15, 16, 18] , there has been no study to our knowledge on the frequency of and factors associated with early dissociation of bipolar hemiarthroplasty.
Therefore, the purposes of this study were (1) to evaluate the frequency of dissociation of the femoral head bipolar cup during manual reduction of a dislocated bipolar hemiarthroplasty; and (2) to explore in a preliminary fashion any prosthesis or patient factors that may be associated with dissociation.
Patients and Methods
We reviewed the medical records and radiographs of 60 patients (60 hips) who were treated within 3 years of a bipolar hemiarthroplasty for prosthetic dislocation. The time period of this study was May 2003 to August 2016, and it included records from three tertiary care referral hospitals. Fifty-two patients underwent hemiarthroplasty at our institutions and eight had their index procedures performed elsewhere. We excluded five hips (five patients) because the locking mechanisms of the bipolar cups could not be identified. This left 55 hips (of which 52 had the index hemiarthroplasty performed at one of the three participating centers) for evaluation in this retrospective study. Because the index hemiarthroplasties were not performed exclusively at the three participating centers, we cannot comment on the indications for prosthesis selection in these patients (such as why some patients may have received components with single rather than double locking mechanisms). Choice of bipolar cup design depended on the manufacturers of femoral stems. There were 13 men and 42 women. Mean age at the time of dislocation was 79 years (range, 66-95 years). Dislocation occurred 2 weeks to 33 months (mean, 4.4 months) after the hemiarthroplasty.
The bipolar cups in these patients included the Multipolar Cup ® (Zimmer, Warsaw, IN, USA), which was used in 26 hips; the Bencox Bipolar Cup ® (Corentec, Cheoan, South Korea) used in 20 hips; the Bipolar Head ® (Aesculap, Tuttlingen, Germany) used in five hips; the RINGLOC Cup ® (Biomet, Warsaw, IN, USA) used in three hips; and the Self-Centering Cup ® (DePuy, Warsaw, IN, USA), which was used in one hip. A single locking mechanism was used in 26 hips (Bencox Bipolar Cup ® , Bipolar Head ® , and Self-Centering Cup ® ) and a dual locking mechanism in 29 hips (Multipolar Cup ® and RINGLOC Cup ® ). The outer diameter of the bipolar cup was 42 to 53 mm (median, 45 mm). An alumina femoral head was used in 45 hips and a metallic head in 10. The diameter of the femoral head was 28 mm in 53 hips and 22 mm in two hips. A shortneck head was used in 28 hips, a medium-neck head in 19, and a long-neck head in eight hips.
Cemented stems were used in 12 hips and cementless stems in 43. The femoral stems were the CLS (Zimmer) in 13 hips, the MS-30 (Zimmer) in eight, the Bencox II Stem (Corentec) in six, the Bencox Stem (Corentec) in four, the Benfix Long Stem (Corentec) in four, the Bencox ID stem (Corentec) in three, the Bencox M stem (Corentec) in three, the Bicontact ® (Aesculap) in five, the ML Taper Stem ® (Zimmer) in four, the TaperLoc ® (Biomet) in three, the Versys ® (Zimmer) in one hip, and the KAR Stem ® (DePuy) in one hip. Manual reduction was attempted in all 55 dislocations at 0 to 17 days after the dislocation; the procedure was successful in 34 hips. The remaining 21 hips underwent open reduction and revision of the bipolar components and femoral heads after the unsuccessful closed reduction; of those, 14 hips had persistent dislocations after the attempted closed reduction, and seven had dissociation of the bipolar cup caused by the attempted closed reduction.
Demographic and clinical data, including gender, age, body mass index, the time to dislocation after the hemiarthroplasty, the time to the attempt of manual reduction after the dislocation, and type of locking mechanism of the bipolar cup, were compared between the dissociation group and the nondissociation group. The locking mechanism of the bipolar cup was categorized as either a single locking (Fig. 1) or a dual locking mechanism (Fig. 2) .
Statistical analysis was performed with use of the MannWhitney U test and the Fisher's exact test. Differences were considered significant at the p < 0.05 level.
This study was approved by our institutional review board, and informed consent was waived.
Results
Among 55 dislocated bipolar hemiarthroplasties, dissociation of the bipolar cup from the femoral head occurred in seven hips (13%) during manual reduction of the dislocated bipolar hemiarthroplasty (Fig. 3) . Among the patient and prosthesis factors we considered, the only one associated with an increased risk of dissociation during attempts at closed reduction was the presence of a single internal polyethylene ring rather than a double locking mechanism. Six of the seven dissociated hips had an internal polyethylene ring for the locking mechanism, whereas 20 of 48 (42%) of the hips that dislocated but did not dissociate had only a polyethylene ring locking mechanism (p = 0.044). Otherwise, with the numbers available, there were no differences in terms of patients' demographic and prosthetic factors between the group with dissociation (n = 7) and those that did not dissociate (n = 48; Table 1 ). However, because of the small number of patients with dissociation, we caution the reader that we may be underpowered on some comparisons, and we could not perform a multivariate analysis to control for potential confounding variables. Our findings on this research question, therefore, must be viewed as preliminary.
Discussion
Dislocation of bipolar endoprostheses is an uncommon complication of patients treated for hip fractures [3, 12, 15] . Dissociation during attempted closed reduction is a complication that can occur in this vulnerable subset of patients [15, 16, 18] . We found that this occurred in 13% (seven of 55) of our patients, and, although our study is small and must be considered preliminary, the only factor we found that was associated with prosthesis dissociation during closed reduction was the presence of a single polyethylene locking mechanism rather than a dual locking mechanism.
This study has limitations. Because not all of the patients in this series had the index procedure performed at our center, we cannot comment on whether selection bias might have influenced the findings; specifically, we do not know what specific factors, if any, informed the prosthesis selection process (five bipolar types were represented in this report). With only seven events of interest (dissociations), we were quite limited in terms of the analyses we could perform; for example, multivariate analysis could not be performed, and so we cannot determine whether confounding variables had a role to play here. Larger, multicenter studies will be needed to determine whether other factors influence both the likelihood of use of a single locking mechanism and the risk of prosthesis dissociation; however, no such factors come readily to mind, and so we believe our finding is likely robust. It certainly has face validity in that one might reasonably expect a double locking mechanism to resist dissociation better than a single locking mechanism. Also, with only a few events of interest, we may be underpowered on some of the other patient and prosthesis factors we considered. Future, larger studies will need to see whether, for example, femoral head size or femoral head material is associated with a higher likelihood of prosthesis dissociation. Our study may have been too small to make some of these comparisons effectively.
We found that the risk of dissociation during closed reduction of a bipolar endoprosthesis was 13% (seven of 55 hips). To our knowledge, this is the first study to report the frequency of bipolar cup dissociation during manual reduction of dislocated bipolar hemiarthroplasty, although there have been several case reports on bipolar cup dissociation [3, 16, 17] . In patients with dissociation of a bipolar cup, we replaced new bipolar cups and femoral heads. Although conversion to a constrained type of THA may be another option, we did not use it, because we were concerned about failures of constrained liners [11] and because of the cost associated with these implants. Bipolar cup dissociation can be classified as either early or late. Excessive wear of the polyethylene liner seems to contribute to late dissociations [4] . Hasegawa et al. reported late dissociation of bipolar cups in six patients (seven hips). The mean time to failure after these arthroplasties was 7.5 years (range, 4.8-9.2 years). In their retrieval study, severe polyethylene wear at the rim and failure of the locking ring appeared to be the cause of dissociation. Once the locking ring detached, the inner head dislocated from the outer head, which moved into a varus position inside the acetabulum. In that study, the proportion of patients experiencing late dissociations was 11% [4] .
The only factor we found that was associated with the risk of dissociation during closed reduction was prosthesis design, specifically a single polyethylene locking mechanism rather than a dual locking mechanism. The locking mechanisms of the bipolar cup and the femoral head component can be categorized as a single locking mechanism or a dual locking mechanism. In the single locking mechanism, the femoral head is assembled in the body of the polyethylene liner within a metal shell. A slotted polyethylene ring is placed and expands to lock into a groove at the peripheral lip of the polyethylene liner (Fig.  1) . The dual locking mechanism has an outer metal ring inside a bipolar metal shell and a slotted polyethylene ring. The femoral head is assembled within the polyethylene liner with a slotted polyethylene ring. The inner ring expands to capture the femoral head. The polyethylene liner and captured femoral head are assembled in the metal shell. The outer metal ring locks the polyethylene liner within the metal shell (Fig. 2) . In early dissociations, the socalled "bottle-opener effect" and subsequent failure of the locking mechanism can result in dissociation of the bipolar cup during closed reduction of dislocated bipolar hemiarthroplasty [8, 15] . As a result, a weak bipolar cup locking mechanism may be an important risk factor for dissociation. Implants that use eccentric offset of the bearing center (components in which the center of the outer cup is located distal to the center of the inner bearing) have been developed to reduce the risk of impingement between the metal neck and the internal locking polyethylene ring after bipolar hemiarthroplasty [6] ; future studies will need to determine whether they also reduce the risk of dislocation or dissociation. In the present study, a single locking mechanism was associated with a higher risk of bipolar cup dissociation than the dual locking mechanism. Considering that we had so few patients with dissociation, a welldesigned study with larger numbers of patients should be performed. It is likely that this will require more than three centers to achieve; it may require a national registry to achieve sufficient numbers. In summary, this study is the first to report the frequency of bipolar cup dissociation and the role of the locking mechanism in bipolar cup dissociation. We found that a single polyethylene locking mechanism (rather than a dual locking mechanism) may be associated with the risk of bipolar cup dissociation during manual reduction of a dislocated bipolar cup, although bipolar cup dissociations were relatively rare. Even so, because dual locking mechanisms are available and have no known disadvantages, we cautiously recommend their use over single locking mechanisms in bipolar hemiarthroplasty unless future studies refute our preliminary findings.
